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ORIGINAL ARTICLE 



Clinical Utility of Plasma Glypican-3 and Osteopontin as Biomarkers of 
Hepatocellular Carcinoma 

Hyun Jung Lee, Jong Eun Yeon, Sang Jun Sun, Sun Jae Lee, Eileen L. Yoon, Keunhee Kang, Yang Jae Yoo, Ji Hoon Kim, 
Yeon Seok Seo, Hyung Joon Yim, and Kwan Soo Byun 

Department of Internal Medicine, Korea University College of Medicine, Seoul, Korea 



Background/Aims: a-Fetoprotein (AFP) is the biomarker 
most widely used to detect hepatocellular carcinoma (HCC), 
despite its suboptimal diagnostic accuracy. Glypican-3 (GPC3) 
and osteopontin (OPN) are secreted glycoproteins that are re- 
portedly associated with tumorigenesis and metastasis. This 
study was conducted to evaluate the clinical utility of using 
plasma GPC3 and OPN as diagnostic biomarkers for HCC. 
Methods: We measured the plasma levels of GPC3 and OPN 
in 120 HCC and 40 chronic liver disease (CLD) patients via 
an enzyme-linked immunosorbent assay. The diagnostic ac- 
curacy of each tumor marker was evaluated using receiver 
operating characteristic (ROC) curve analysis. Results: The 
GPC3 levels in the HCC patients (75.8 ng/mL) were sig- 
nificantly higher (p=0.020) than the levels in patients with 
CLD (66.4 ng/mL). The area under the ROC curve (AUROC) 
values for GPC3 and OPN were 0.62 and 0.51, respectively. 
In subgroup analyses, including subgroups of HCC patients 
with low serum AFP and PIVKA II levels, the AUROC of GPC3 
remained relatively high (0.66), and GPC3 showed a high 
sensitivity (62.1%) for detecting small HCC tumors. Conclu- 
sions: The plasma levels of GPC3 and OPN demonstrated 
low diagnostic accuracy for HCC. However, GPC3 may have 
a complementary role in diagnosing HCC in patients with 
nondiagnostic levels of conventional tumor markers and with 
small-sized tumors. (Gut Liver 2014;8:177-185) 
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INTRODUCTION 

Hepatocellular carcinoma (HCC) is a leading cause of cancer- 
related death worldwide, and the burden of this disease is ex- 



pected to increase in the future. 1 Major risk factors for HCC are 
hepatitis B virus (HBV) and hepatitis C virus infections, alco- 
holic liver disease, and nonalcoholic fatty liver disease. Among 
these risk factors, HBV infection accounts for >50°/o of HCC 
cases worldwide, and especially in areas such as Asia and Africa 
where the infection is endemic. 1,2 

Because the poor outcomes of HCC patients are often re- 
lated to late detection, recent practice guidelines recommend 
continued surveillance for patients at high risk. 3,4 Screening 
procedures for HCC include serological and radiological tests, 
and among the serological tests, a-fetoprotein (AFP) and pro- 
thrombin induced by vitamin K absence II (PIVKA II) are widely 
used as biomarkers for HCC. 5 " 8 However, ~30°/o of HCC patients 
are negative for AFP and PIVKA II, and screening for these 
biomarkers may not be satisfactory due to low sensitivity and 
specificity. In a recent prospective study, both serological mark- 
ers demonstrated to be inadequate for surveillance purposes, 
even when combined. 9 Thus, the American Association for the 
Study of Liver Disease (AASLD) Practice Guidelines Committee 
recommended that ultrasound examination alone (without AFP) 
should be used for HCC surveillance, 4 and consequently, a num- 
ber of novel biomarkers for HCC have been suggested. 

Glypican-3 (GPC3) is a heparan sulfate proteoglycan mol- 
ecule anchored to the plasma membrane and has been reported 
to be a useful serologic and histochemical marker for HCC. 10 '" 
Osteopontin (OPN) is a secreted glycophosphoprotein and has 
a pivotal role in tumorigenesis and metastasis in a variety of 
human cancers. 12 " 14 In several studies, overexpression of OPN 
was associated with poor clinical outcome and poor prognosis 
of HCC; 15,16 however, the vast majority of studies exploring the 
use of GPC3 and OPN for diagnosing HCC were based only on 
immunohistochemical parameters, and more evidence is needed 
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regarding their use in clinical practice. 

In this study, we evaluated and compared the plasma levels 
of GPC3 and OPN in HCC patients and liver disease (chronic 
liver disease, CLD) patients. The clinical utility of using GPC3 
and OPN, as compared to using AFP and PIVKA II as serologi- 
cal markers for the diagnosis of HCC was also evaluated. 

MATERIALS AND METHODS 

1. Patients and blood samples 

A cohort of 120 patients diagnosed with HCC for the first 
time at Korea University Guro Hospital between July 2007 and 
March 2011 was recruited for this study. The diagnosis of HCC 
was based on typical imaging patterns and/or histologic exami- 
nations conducted according to the AASLD guidelines proposed 
in 2005. 17 The criteria for diagnosing the presence HCC via im- 
aging were based on reports of hyperattenuation at the arterial 
phase and hypoattenuation at the portal phase in dynamic com- 
puted tomography or magnetic resonance imaging, and tumor 
staining on angiography. In this study, 82 patients were diag- 
nosed with HCC by histologic examination, and the remaining 
38 patients were diagnosed by having imaging patterns typical 
of HCC. Demographic and clinical data on the etiology of HCC, 
the presence of cirrhosis, the status of liver function in terms of 
Child-Pugh class, and the tumor-node-metastases (TNM) stage 
of HCC were evaluated as recommended by the American Joint 
Committee on Cancer/United International Consensus Commit- 
tee (AJCC/UICC) staging system for HCC (6th edition), 18 and the 
Barcelona Clinic Liver Cancer (BCLC) stage 19 was obtained by 
reviewing medical records and radiological studies. Serum AFP 
and PrVKA-II levels were routinely evaluated in all patients 
prior to receiving therapy. 

Blood samples from 120 HCC patients were collected at the 
time of HCC diagnosis and prior to initiating therapy, and iso- 
lated plasma samples were stored at -80°C until measurements 
of GPC3 and OPN were conducted. Blood samples from 40 pa- 
tients with CLD but without HCC, and that were obtained during 
the same time period as the blood samples from HCC patients, 
were used as control samples. 

The study was approved by the Institutional Review Board of 
Korea University Guro Hospital, and written informed consent 
was obtained from all patients when they were enrolled. 

2. Measurement of GPC3 and OPN levels 

Plasma GPC3 and OPN levels were measured in the same 
plasma samples. Plasma GPC3 levels were measured using a 
commercially available enzyme-linked immunosorbent assay 
(ELISA) kit (Cusabio Biotech Co., Ltd., Wuhan, China) accord- 
ing to the manufacturer's instructions. Plasma OPN levels were 
determined by an ELISA kit (Immuno-Biological Laboratories, 
Gunma, Japan) according to the manufacturer's instructions. All 
sample assays performed in duplicate. 



3. Statistical analysis 

All data are expressed as the mean±SD or median values 
and ranges. Statistical comparisons of the baseline data were 
analyzed by the chi-square or Fisher exact test. Differences in 
quantitative values were compared using the Mann-Whitney U 
test. All p-values were derived from two-sided tests, and p<0.05 
was considered statistically significant. Receiver operating char- 
acteristics (ROC) analysis was used to evaluate the diagnostic 
value of each tumor marker. The optimal cutoff values were 
calculated using the maximum sum of sensitivity and specific- 
ity. Statistical analyses were conducted using SPSS version 17.0 
software (SPSS Inc., Chicago, IL, USA). 

RESULTS 

1. Patient characteristics 

The demographic characteristics of patients included in the 
analysis are summarized in Table 1. The patients were diag- 
nosed as having HBV-related HCC (62.5%) or CLD (100%). The 
data show that 72.5% of the patients with HCC and 50% of the 
control subjects also had cirrhosis. Eighty percent of the patients 
with HCC were Child-Pugh class A and 20% were class B. The 
clinical characteristics of HCC are summarized in Table 2. The 
percentage of patients with stage I or stage II HCC was 55%, as 
based on TNM staging guidelines published by the AJCC/UICC 
(6th edition). 

2. Plasma levels of GPC3 and OPN 

Plasma levels of GPC3, OPN, AFP, and PIVKA H are summa- 
rized in Table 3. The median GPC3 values in patients with HCC 
and those with CLD were 75.8 and 66.4 ng/mL, respectively; 
patients with HCC showed significantly higher GPC3 concen- 



Table 1. Clinical Characteristics of the Study Patients (n= 1 60) 



Characteristic HCC group (n= 120) CLD group (n=40) 



Age,yr 


59.4±10.9 


49.7±8.1 


Sex 






Male 


94 (78.3) 


32 (80) 


Female 


26 (21.7) 


8 (20) 


Etiology 






HBV 


75 (62.5) 


40 (100) 


HCV 


18 (15) 


0 


Alcohol 


13 (10.8) 


0 


Others 


14 (11.7) 


0 


Patients with cirrhosis 


87 (72.5) 


20 (50) 


Child-Pugh class, A/B/C 


96/24/0 


40/0/0 



Data are presented as number (°/o). 

HCC, hepatocellular carcinoma; CLD, chronic liver disease; HBV, 
hepatitis B virus; HCV, hepatitis C virus. 
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trations than patients with CLD (p=0.020). In contrast, plasma 
levels of OPN in patients with HCC were not significantly higher 
than those in patients with CLD (345.2 ng/mL vs 306.8 ng/mL, 
p=0.821) (Fig. 1). 

The GPC3 and OPN levels in HCC, as based on various clini- 
cal parameters, are summarized in Table 4. Plasma GPC3 levels 
were not significantly affected by almost all clinical parameters 
including age, sex, the etiology of HCC, the presence of cir- 
rhosis, or the presence of portal vein thrombosis. The plasma 
GPC3 levels in the HCC group were also not affected by the 
tumor stage of HCC; however, plasma OPN levels were higher in 
males than in females (374.5 ng/mL vs 220.4 ng/mL, p=0.023). 
The presence of cirrhosis was negatively associated with plasma 
OPN levels (234.4 ng/mL vs 400.7 ng/mL, p=0.016}. Plasma OPN 
levels were significantly higher in patients with large tumors 



Table 2. Characteristics of Hepatocelluar Carcinoma (n= 1 20) 



Characteristic Value 

Maximum diameter of tumor, cm 4.6+4. 1 
No. of rumors 

Single 71 (59.2) 

Multiple 49 (40.8) 

Portal vein thrombosis 31(25.8) 

Metastases 13 (10.8) 

TNM stage*, I/H/m/IV 49/ 1 7/40/ 1 4 

BCLC stage, 0/A/B/C/D 20/48/15/37/0 



Data are presented as mean+SD or number (%). 
TNM, tumor node metastasis; BCLC, the Barcelona Clinic Liver Can- 
cer. 

*TNM stage for hepatocelluar carcinoma was determined according to 
the American Joint Committee on Cancer/United International Con- 
sensus Committee, 6th edition. 



(>2 cm in diameter), multiple tumors, portal vein thrombosis, or 
distant metastasis, and there were meaningful differences in the 
OPN levels according to the tumor stage as described by TNM 
or BCLC. 

3. Plasma GPC3 and OPN as diagnostic markers for HCC 

The area under the ROC curve (AUROC) was calculated to 
compare the accuracies achieved when using GPC3, OPN, AFP, 
or PIVKA E for diagnosis of HCC (Fig. 2). The AUROC values 
for AFP (0.83; 95% confidence interval [CI], 0.77 to 0.89), and 
PIVKA H (0.80; 95% CI, 0.73 to 0.86) were higher than those for 
GPC3 (0.62; 95% CI, 0.52 to 0.73) and OPN (0.51; 95% CI, 0.42 
to 0.61). These results suggest that in the selected study popula- 
tion, the accuracy achieved by using plasma GPC3 or OPN lev- 
els for diagnosis of HCC was inferior to the accuracy achieved 
using AFP or PIVKA II. We also analyzed the complementary 
properties of using GPC3 or OPN in combination with AFP or 
PIVKA n for the diagnosis of HCC, using a logistic regression 
model. The combined use of GPC3 and PrVKA II further in- 
creased the AUROC (0.83; 95% CI, 0.76 to 0.89). The combined 



Table 3. Plasma or Serum Levels of Tumor Markers for Hepatocelluar 
Carcinoma (n=160) 

HCC group (n= 120) CLD group (n=40) p-value 

Glypican-3, ng/mL 75.8(21.7-482.5) 66.4(2.33-66.4) 0.020 

Osteopontin, ng/mL345.2 (90-2,681.6) 306.8 (105.1-712.3) 0.821 

a-Fetoprotein, 12.2 (0.8-487,146) 2.5 (1.2-15.7) <0.001 

ng/mL 

PIVKA 0, mAU/mL 61.5(10-2,000) 21.3 (10-84) <0.001 
Data are presented as median (range). 

HCC, hepatocellular carcinoma; CLD, chronic liver disease; PIVKA II, 
prothrombin induced vitamin K absence II. 
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Fig. 1. (A) Plasma levels of glypican-3 (GPC3) and (B) osteopontin (OPN) in patients with hepatocellular carcinoma (HCC) or chronic liver disease 
(CLD). The box indicates the 25th and 75th percentile values, and the line indicates the median level, whereas the interquartile range (IQR) extends 
outside the box. The points outside the IQR are outliers. The plasma GPC3 levels were higher in patients with HCC (75.8 ng/mL) than in patients 
with CLD (66.4 ng/mL, p=0.020). However, we found no difference in plasma OPN levels based on study group (345.2 ng/mL vs 306.8 ng/mL, 
p=0.821). 



1 80 Gut and Liver, Vol. 8, No. 2, March 2014 



Table 4. Plasma Levels of Glypican-3 and Osteopontin in the Patients with Hepatocelluar Carcinoma 




Glypican-3 




Osteopontin 




Median (range) 


p-value 


Median (range) 


p-value 


Age.yr 




0.971 




0.998 


<55 


75.8 (21.7-209.4) 




350.2 (92.8-2,213.9) 




>55 


75.7 (23.7-482.5) 




327.2 (90.0-2,681.6) 




Sex 




0.876 




0.023 


Male 


76.0 (21.7-240.0) 




374.5 (90.0-2,681.6) 




Female 


73.1 (23.7-482.5) 




220.4(100.1-828.1) 




Etiology 




0.941 




0.140 


HBV 


75.8 (21.7-223.0) 




321.8 (92.8-2,681.6) 




Non-HBV 


75.7 (23.7-482.5) 




391.0 (90.0-2,396.8) 




Liver cirrhosis 




0.326 




0.016 


Presence 


76.2 (21.7-482.5) 




234.4(90.0-2,681.6) 




Absence 


67.5 (29.3-198.1) 




400.7 (92.8-2,396.8) 




Child-Pugh class 




0.561 




0.199 


A 


76.0 (21.7-271.0) 




353.2 (90.0-2,681.6) 




B 


73.1 (51.4-482.5) 




336.2 (103.5-2,213.9) 




No. of tumors 




0.879 




<0.001 


Single 


75.9 (21.7-482.5) 




213.7 (90.0-2,396.8) 




Multiple 


74.7 (34.0-223.0) 




518.9 (92.8-2,681.6) 




Tumor size 




0.090 




<0.001 


<2 cm 


85.6 (21.7-482.5) 




140.8 (92.9-402.3) 




>2 cm 


73.1 (23.7-240.0) 




417.6 (90.0-2,681.6) 




Portal vein thrombosis 




0.692 




<0.001 


Presence 


75.8 (34.0-155.5) 




698.7 (90-2,681.6) 




Absence 


75.7 (21.7-482.5) 




221.4 (91.9-2,189.6) 




Extrahepatic metastasis 




0.524 




0.002 


Presence 


75.8 (59.8-91.8) 




583.2 (345.2-2,396.8) 




Absence 


73.0 (29.3-198.1) 




290.3 (90.0-2,681.6) 




TNM stage* 




0.160 




<0.001 


i/n 


78.3 (21.7-482.5) 




170.7 (91.9-1,080.3) 




ni/rv 


73.0 (29.3-198.1) 




517.4 (90.0-2,681.6) 




BCLC stage 




0.643 




<0.001 


0/A 


75.9 (21.7-482.5) 




306.2 (91.9-2,189.6) 




B/C/D 


75.3 (34-209.4) 




541.9 (90.0-2,681.6) 





FIBV, hepatitis B virus; TNM, tumor node metastasis; BCLC, Barcelona Clinic Liver Cancer. 

*TNM stage for hepatocellular carcinoma was determined according to the American Joint Committee on Cancer/United International Consensus 
Committee, 6th edition. 



use of 0PN and PIVKA II also produced a higher AUR0C than 
when using PIVKA H alone (0.83; 95% CI, 0.76 to 0.89); how- 
ever, the AUROCs of these two combinations did not exceed the 
value obtained when using AFP alone. 

Table 5 shows the sensitivity and specificity of tumor markers 
differentiating HCC cases from CLD cases. For each marker, cut- 
off values were chosen based on the ROC analysis by using the 
maximum sum of sensitivity and specificity. The sensitivity and 



specificity of plasma GPC3 levels in HCC patients relative to the 
CLD group were 53.8°/o and 65.0%, respectively, at a cutoff val- 
ue of 73 ng/mL. In this study group, GPC did not perform better 
than AFP or PTVKA n. At a cutoff value of 557 ng/mL, plasma 
OPN showed a high specificity (92.5%) but a lower sensitivity 
(26.1%). Using a combination of GPC3 at 73 ng/mL and AFP at 
6 ng/mL, increased the sensitivity to 84.2%, but the specificity 
decreased to 62.5%. Similar results were observed when GPC3 
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0.4 0.6 
1 -Specificity 

Fig. 2. Area under the receiver-operating curve (AUROC) for glypi- 
can-3 (GPC3), osteopontin (OPN), a-fetoprotein (AFP), and prothrom- 
bin-induced vitamin K absence II (PIVKA U). The AUROC was 0.62 
for GPC3, 0.51 for OPN, 0.83 for AFP, and 0.80 for PIVKA II, respec- 
tively. 



Table 5. Sensitivity and Specificity of Tumor Markers and Their Com- 
bination for Hepatocellular Carcinoma and Chronic Liver Disease 

Cutoffs, ng/mL or Sensitivity, Specificity, 





mAU/mL 


% 


% 


AFP 


6 


63.9 


95 


prvKAn 


40 


60.5 


92.5 


GPC3 


73 


53.8 


65 


OPN 


557 


26.1 


92.5 


GPC3 and AFP 


GPC3=73 or AFP=6 


84.2 


62.5 


GPC3 and PIVKA E 


GPC3=73 or 


84.2 


57.5 




PIVKA 11=40 






OPN and AFP 


OPN=557 orAFP=6 


66.7 


87.5 


OPNandPTVKAn 


OPN=557 or 


62.5 


85 




PIVKA 11=40 







AFP, a-fetoprotein; PTVKA II, prothrombin-induced vitamin K ab- 
sence II; GPC3, glypican-3; OPN, osteopontin. 



and PIVKA II were used in combination, (the sensitivity was 
84.2% and the specificity was 57.5%). The combination of OPN 
and AFP/PrVKA II also showed an increased sensitivity and a 
decreased specificity compared to using AFP or PTVKA TJ alone. 

We analyzed the sensitivity of tumor markers in relation to 
the size of the HCC tumor (Table 6). Regarding small HCCs (tumor 
size <2 cm in diameter), we found that 18 of 29 patients (62.1%) 
showed elevated levels of plasma GPC3. However, OPN, AFP, 
and PTVKA II had relatively low sensitivities compared to GPC3 
in patients with small-sized HCCs (0%, 10.3%, and 0%, respec- 
tively). 

4. Plasma GPC3 and OPN in HCC patients with low AFP and 
PIVKA II levels 

We separately analyzed the AFP and PTVKA TJ levels in HCC 
patients. Low AFP and PTVKA II patients were defined as hav- 
ing serum AFP concentrations of <20 ng/mL and PTVKA II con- 
centrations of < 100 mAU/mL. In this study, 57 of 120 patients 
(47.5%) with HCC had low levels of serum AFP and PTVKA EL 
The remaining 63 HCC patients (52.5%) were included in the 
high AFP and PIVKA II group. Demographic data regarding 
levels of AFP and PIVKA II are shown in Table 7. There were no 
differences in age, sex, etiology, or Child-Pugh class between 
the two groups. The prevalence of cirrhosis was higher in the 
low AFP and PTVKA II group (p=0.022). Also, significant dif- 
ferences were documented regarding tumor multiplicity, size, 
portal vein thrombosis, or extrahepatic metastasis. Low levels of 
AFP and PIVKA II were significantly associated with early stage 
tumors as described by the TNM and BCLC systems (p<0.001). 

Plasma GPC3 and OPN levels in the low AFP and PIVKA TJ 
group were 86.3 and 136.8 ng/mL, respectively. Plasma GPC3 
values in the low AFP and PIVKA II group were higher than in 
the CLD group, but plasma OPN levels in the same group were 



Table 6. Sensitivity of Tumor Markers in Relation to the Size of the 
Hepatocellular Carcinoma 



Tumor size, 
cm 


Glypican-3 


Osteopontin 


a-Fetoprotein 


PIVKA n 


<2 (n=29) 


18 (62.1) 


0 


3 (10.3) 


0 


2-5 (n=46) 


26 (56.5) 


8 (17.4) 


12 (26.1) 


11 (23.9) 


>5 (n=45) 


21 (46.7) 


23 (51.1) 


32 (71.1) 


37 (82.2) 



Data are presented as number (%). Glypican-3 at a cutoff value of 73 
ng/mL; osteopontin at a cutoff value of 557 ng/mL; a-fetoprotein at 
a cutoff value of 6 ng/mL; PIVKA II at a cutoff value of 40 mAU/mL. 
PTVKA n, prothrombin induced vitamin K absence II. 



lower than in the CLD group. When only HCC patients with 
low AFP and PTVKA TJ levels were included, the GPC AUROC 
remained relatively high (0.66; 95% CI, 0.55 to 0.77), while the 
OPN AUROC remained very low (0.23; 95% CI, 0.14 to 0.33) (Fig. 
3). 

DISCUSSION 

In the present study, we evaluated whether levels of GPC3 
and OPN could be used for the diagnosis of HCC, along with 
other tumor markers (AFP and PIVKA TJ). We observed higher 
levels of plasma GPC3 in patients with HCC than in patients 
without HCC. Plasma OPN levels in the HCC group were numer- 
ically higher than those in the CLD group, but these differences 
were not statistically significant. In addition, the diagnostic 
accuracies of GPC3 and OPN were not superior to accuracies 
for AFP or PIVKA U in terms of the AUROC. As a result, GPC3 
or OPN would not be adequate candidates to substitute for the 
conventional tumor markers. 

GPC3 is a member of the heparan sulfate proteoglycan family 
and is anchored to the plasma membrane by glycosylphosphati- 
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Table 7. Demographic Data of Patients with Hepatocellular Carcinoma with High and Low a-Fetoprotein (Cutoff Value of 20 ng/mL) and Pro- 
thrombin Induced Vitamin K Absence II (Cutoff Value of 100 mAU/mL) Levels 



AFP <20 ng/mL and AFP >20 ng/mL and/or 

PIVKA E <100 mAU/mL (n=57) PIVKA II >100 mAU/mL (n=63) 



Age.yr 


60.3+10.1 


58.7±11.6 


0.402 


Sex 








Male 


43 (75.4) 


51 (81) 


0.464 


Female 


14 (24.6) 


12 (19) 




Etiology 








HBV 


38 (66.7) 


37 (58.7) 


0.228 


Non-HBV 


19 (33.3) 


26 (41.3) 




Presence of liver cirrhosis 


48 (84.2) 


39 (61.9) 


0.022 


Child-Pugh class 








A 


45 (78.9) 


51 (81.0) 


0.784 


B 


12 (21.1) 


12 (19.0) 




No. of tumors 








Single 


43 (75.4) 


28 (44.4) 


<0.001 


Multiple 


14 (24.6) 


35 (55.6) 




Maximum diameter of tumor, cm 


2.8±2.1 


6.8±4.9 


<0.001 


Portal vein thrombosis 


4(7) 


27 (42.9) 


<0.001 


Extrahepatic metastasis 


0 


13 (20.6) 


<0.001 


TNM stage* 








i/n 


48 (84.2) 


18 (28.6) 


<0.001 


ni/rv 


9 (15.8) 


45 (71.4) 




BCLC stage 








0/A 


49 (86.0) 


19 (30.2) 


<0.001 


B/C/D 


8 (14.0) 


44 (69.8) 





AFP, a-fetoprotein; PIVKA II, prothrombin-induced vitamin K absence II; HBV, hepatitis B virus; TNM, tumor node metastasis; BCLC, Barcelona 
Clinic Liver Cancer. 

TNM stage for hepatocellular carcinoma was determined according to the American Joint Committee on Cancer/United International Consensus 
Committee, 6th edition. 



dylinositol. Whereas GPC3 is normally involved in cell growth, 
differentiation, and migration, changes in glypican expression 
may be associated with tumorigenesis. 20 It has been reported 
that GPC3 is downregulated in ovarian cancer and mesothe- 
lioma, but is upregulated in HCC. 212J Hsu et al. 22 reported that 
GPC3 is more frequently upregulated in HCC than AFP, which 
is another oncofetal protein that has been widely used as tu- 
mor marker, and GPC3 may serve as a sensitive tumor marker 
for HCC. In some clinical studies, GPC3 could be detected in 
~30°/o to 50% of HCC patients who were negative for AFP and/ 
or PIVKA II. Moreover, using the combination of both GPC3 
and AFP could significantly increase the sensitivity of each 
agent for HCC diagnosis."' 24 In the current study, GPC3 did not 
show better sensitivity or diagnostic accuracy compared to AFP 
or PIVKA II. When GPC3 was used in combination with AFP 
or PrvKA n, sensitivity increased, but specificity decreased. In 
terms of the AUR0C, the diagnostic accuracy achieved by using 
GPC3 combined with other tumor makers did not exceed that 
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Fig. 3. Area under the receiver-operating curve for glypican-3 (GPC3) 
and osteopontin (OPN) for chronic liver disease and hepatocellular 
carcinoma patients with low a-fetoprotein and protein-induced vita- 
min K absence II levels (0.66 vs 0.23). 
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achieved by using AFP. 

On the other hand, plasma GPC3 levels were not significantly 
affected by almost all clinical parameters analyzed, including 
age, sex, the etiology of HCC, the presence of cirrhosis, or the 
HCC tumor stage. Until now, GPC3 has been considered to be 
a promising immunohistochemical marker for the differential 
diagnosis of HCC; 10 " however, whether it can be used as a sero- 
logic marker for HCC is still questionable. Recently, several sub- 
sequent studies have verified the value of measuring circulating 
GPC3 for HCC diagnosis. 24 " 26 Tangkijvanich et al. 25 reported that 
similar to our results, there was no correlation between serum 
GPC3 levels and tumor size or tumor stage. The requirements 
for a good biomarker may include that its levels increase ac- 
cording to tumor burden. This might be a limitation of using 
GPC3 as a serologic marker for HCC. However, further studies 
including large numbers of patients will certainly be required to 
confirm this observation. 

This study also evaluated whether GPC3 could be used as a 
marker for the detection of small HCCs. Generally, ultrasonog- 
raphy (US) is the method most widely used for HCC surveillance 
and has an acceptable diagnostic accuracy. However, US was 
less effective for detecting early stage HCC, with a sensitivity 
of 63°/o. In a meta-analysis study, AFP provided no additional 
benefit to US. 27 Our data showed that plasma GPC3 levels in pa- 
tients with small-sized HCC tumors (<2 cm) provided a sensitiv- 
ity of >60°/o, while the sensitivities of other tumor markers were 
extremely low (<10%). In agreement with our data, another 
study concerning the immunohistochemistry of GPC3 in HCC 
tissue showed that the expression of GPC3 in small-sized HCCs 
(<3 cm) was significantly greater than the expression of AFP. 10 
In this study, the sensitivity of GPC3 for detecting small HCCs 
was not superior to that of US. However, the data suggested that 
use of combined US and GPC3, instead of AFP, may provide 
additional benefits for surveillance of small-sized HCCs. Future 
studies are necessary to determine the optimal surveillance 
methods for small HCCs. 

In the current study population, 57 of 120 patients with HCC 
(47.5%) had AFP levels <20 ng/mL and PIVKA H levels <100 
mAU/mL. Serum AFP concentrations at a cutoff value of 20 ng/ 
mL showed a sensitivity of 60%, although this sensitivity de- 
creased for the detection of small tumors. 28 When plasma levels 
were determined in these patients, the diagnostic accuracy of 
GPC3 was similar in all HCC patients. Therefore, plasma GPC3 
levels might be helpful for the diagnosis of HCC in the patients 
with low levels of AFP and PrVKA. 

OPN is a glycophosphoprotein that has a pivotal role in the 
regulation of cellular signaling that controls neoplastic and 
malignant transformation. 14 Elevated OPN expression has been 
observed in a variety of cancers, and OPN has been linked to 
tumor invasion, progression, or metastasis in breast, gastric, 
lung, prostate, and colon cancer. 14,29 In this study, plasma 
OPN levels were not statistically elevated in patients with HCC 



compared to levels in patients without HCC, showing a low 
diagnostic accuracy in terms of AUROC. However, within the 
HCC patient group, plasma OPN levels increased significantly in 
patients with large and multiple tumors, portal vein thrombosis, 
and distant metastasis. This data was in agreement with sev- 
eral previous reports concerning the use of OPN for diagnosis 
of HCC. Pan et al. 15 demonstrated that overexpression of OPN 
mRNA correlated with high grade, late-stage, and early tumor 
recurrence. Similarly, Zhang et al. 30 demonstrated that OPN 
overexpression was associated with invasion by tumor blood 
vessels and advanced tumor grade. In addition, plasma OPN 
levels were shown to increase significantly with advancement 
of tumor stage and tumor recurrence. 3 122 These studies sug- 
gested that plasma OPN levels could be used as a prognostic 
and predictive marker for HCC. In the current study population, 
most of the HCC patients had an early stage tumor (55%, TNM 
stage I or n), and did not have vascular invasion (74.2%) or me- 
tastases (89.2%). In other studies, a relatively higher proportion 
of HCC patients had advanced tumor stage and invasive tumor 
characteristics compared to our study population. This could 
explain the statistically non-significant elevation of OPN levels 
found in HCC patients in this study. On the other hand, a recent 
study using plasma proteomic profiling suggested OPN could be 
a marker for early-stage HCC. Moreover, in a pilot prospective 
study, almost 87% of patients had OPN levels greater than the 
cutoff point preceding HCC diagnosis. 22 This finding is in con- 
flict with previous studies and the present study. Further studies 
with large numbers of patients are needed to confirm this result. 

Several recent studies have suggested a potential role for 
OPN in liver fibrosis; 24 " 36 however, in our study, OPN levels 
were negatively associated with the presence of cirrhosis in HCC 
patients. On the other hand, in control patients without HCC, 
OPN levels were significantly higher in patients with cirrhosis 
than in patients without cirrhosis (486.3 ng/mL vs 158.4 ng/mL, 
p<0.001). This lack of concordance may be due to a role of OPN 
in tumorigenesis rather than in fibrosis. In our study popula- 
tion, HCC patients without cirrhosis had a greater incidence of 
having an advanced stage of tumor than HCC patients with cir- 
rhosis (66.6% vs 36.8%); further investigations are warranted to 
elucidate these findings. 

Our current study has a limitation concerning the methodol- 
ogy used. We measured levels of GPC3 and OPN using stored 
plasma samples, but levels of AFP and PIVKA II were measured 
using serum samples taken for routine laboratory examinations. 
Ideally, all biomarkers should have been measured using the 
same samples. Further evaluations using a unified measuring 
protocol and the same plasma or serum samples will be needed 
in the future. 

In conclusion, our study showed that plasma GPC3 levels 
were significantly elevated in patients with HCC compared to 
patients with CLD, but plasma OPN levels did not show statisti- 
cally significant differences between the two groups. Further- 
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more, plasma GPC3 and OPN levels had low diagnostic accura- 
cies for HCC compared with the accuracies achieved with AFP 
and PIVKA n. However, GPC3 may have a complementary role 
in diagnosing HCC in patients with low serum levels of AFP and 
PIVKA II, and also for diagnosing the presence of small-sized 
HCC tumors. Further analysis is needed to determine the utility 
of OPN in diagnosing HCC, and the search for novel biomarkers 
for HCC will continue. 
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